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ent Cumoration 

TELEFAX M E M O W U M  

Date: March 3, 1993 

Fram: LCD 

Subject: Rocky Flats Asbestos Emissions 

As you requested, here are my "back of the envelope" calculations on asbestos amissions from a 
hypothetical building construction scenario at Rocky Flats. I hope these numbers are comprehensible 
and what you were looking for. If you have any questions, please cdt me. 

Other than the emission equations themselves, the effects calculated herein are all linear, so the final 
emissions number can be scaled directly be making assumptions more or less conservative. As 
calculated, conservative assumptions are piled one on top of the other, and I believe the final number 
may be overly conservative as written. I have attached a set of emissions equation from a document 
which gives aa alternative calculation very similar to the ones I have made. As you cau see, the 
result From following this calculation gives emissions from storage piles almost two orders of 
magnitude lower than from the standard emission equations. 

The maximum exposure to the hypothetical worker at the construction site would take place over a 
period of less than a day. This exposure is cdculated at a maximum of 6.85 x 10" fibers per cubic 
meter of air. Less conservative calculation of this maximum exposure (lower fugitive emissions and 
fewer flben per nanogram) leads to estimate emissions of 6.1 x 19 fibers per cubic meter. Average 
exposure to the worker during the three days of excavation postulated for the site would be 3.03 x 
10" fibers per cubic meter as a maximum value and 6.0 x 100 fibers per cubic meter as a lower 
wnsexvative estimate. After excavation, when only fugitive emissions arc present, emission wit1 be 
5.1 x lo7 to 3.82 x 10" fibers per cubic meter. 

mission Cal culatiou 

The scenario I am considering is that of a house construction site where excavation is made fir a full 
basement. This excavation is assumed to be 30 feet by 50 feet by 8 feet deep (444 cubic yards of 
material). I have assumed that emissions will take place from the excavation of this material and then 
ikom the storage pile as well as from the open excavation (the storage pile is assumed to be only 4 
feet high and therefore twice the surface area of the original excavation). 

Physical characteristic of soil and site: 

7S% asbestos content in soil (assumed, very cosservative number) sa4e silt in soil (assumed, conservative value) 
Mean wind speed 4 meterslsecond at site (materials you sent to me) 
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1. 

Percent of time wind speed above 5.4 m/s 35% for site (calculated fiom wind rose) 
Soil moisture content 7% (based on semi-arid climate) 
Days of rain per year 90 (from map in EPA document, could be off as I am not certain of my 
CoIorado geography). 
Fibers per gram 5 x 1013 (middle of range of 11 to 108,000 fibers per nanogram reported in 
EPA, 1980). Another source cites a value of lOI2 fiber per gram (IIT, 1977) 
Average excavation rate for a bulldozer 360 cubic yards per day. 

Emissions of inhalabIe particles fiom excavation of material can be calculated using the hllowing 
equation: Emissions = 0.45 * s"1.5 * M*-1.4. Emissions are in k g h ,  s is silt content in percent, 
and M is moisture content in percent. This equation assumes a bulldozer is being used (there is no 
factor for a backhoe, which would be a more appropriate piece of machinery). Using the average 
excavation rate of 360 cubic yards per day, and assuming that the excavation will take place over 
three days, we get an activity factor of 0.41 for excavation emissions (actual rate over average rate), 
From tbcse inputs, an overall emission rate of 4.28 kg/hr, or 1.19 grams per second is calculated. 
This vdue is relatively high due to the high silt and low moisture content of the mil, These 
emissions will take place for three days while excavation is occurrhing. Emission also take place fiom 
dumping this material in a storage pile, but since those emission are geaerally about two orders of 
magnitude I have not cdculated them other than to check that they are that much lower. 

The other major source of emission is the exposed storage areas and surface areas of the excavation. . 
The emission factor we use for these emissions is: Emissions = 1.9 * (dl.5) * (365-p)/235 * (f/15). 
In this equation emissions are in kgkectarelday, s is silt percent, p is number of days of rain pe.r 
year, and f is the percent of time wind speed is over 5.4 mls. From this equation emissions of 173 
kg/hectare/day. With an exposed area of 1500 square feet for the excavation and 3000 square feet for 
the storage pile, there is 0.042 hectara of material exposed. This calculates out to 2 grams per 
second. Not all of this material will be in the respirable fraction, to be conservative assume that 75% 
is respirable, for respirable emissions of 1.5 gram/second, 

In each case the total emissions need to be dispersed into some volume of atmosphere before they are 
available to the worker who is the exposed individual on the site. This can be done usmg a simple 
box model. As the most conservative case, take the fraction of a day when the excavation is almost 
completedd, but is still being conducted, therefore both emission sources are fully active. In this case, 
total emissions are 2.69 grams/second. If 75% of this is asbestos, asbestos emissions are 2 g/s. 

The box which I have uses assumes that the excavation and storage pile make up half of the work site 
area.; therefore the site covers 840 square meters, with dimensions of 60 by 100 feet (18.3 by 30.5 
meters). The box will be assumed to extend upwards to the breathing zone (2 meters). With an 
average wind speed of 4 m/s, using the shortest axis (18.3 meters), 146 cubic meters of air flows 
through the site per second. 

When emissions of 2 grams per second are apportioned into 146 cubic meters of air per second, the 
total concentration of asbestos dust will be 0.0137 gm/m3. With the higher fiber density, this is 6.85 
x 1OlL fibers per cubic meter of air. With the lower fiber density, it is 1.37 x Ido fibers per cubic 
meter. 

If we look at the TIT =port on asbestos emissions from storage piles alone (?I", 1977), which uses an 
asbestos waste pile 810 square metm in size (twice the size of our pile), a emission rate of 0.09 
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kg/hour of 25% asbestos (0,027 kghr at 75% asbestos) is calculated for im dve pile. Scaled down 
by 112 this leads to emissions of 0.075 g/sec from the storage pile. This is much lower tban our 
calculated value. Carrying out the calculation, using their emission rates, we calculate 5. I x 108 
fibers/m3 from the storage pile alone. This number could be treated as a lower bound for emissions 
during times when excavation is not taking place. 

IIT Research Institute, 1977, Field Testing of  Emission Controls for Asbestos Mandacturing Wastg 
Piles. Chicago, IL, EPA-600l2-77-098. 

USEPA, 1980. Health Impacts, Emissions, and Emission Factors for Nancriteria Pollutants Subject to 
'De Miaimis' Guidelines and Emitted from Stationary Canventlonal Combustion Processes. EPA- 
490/2-80074. 

USEPA, 1989. AidSuperfund National Technical Guidance Study Series, Volume 3: Estimation of 
Air Emissions from Cleanup Activities at Supeduncl Sites. JZPA450/1/89-003. 
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SECTION 5 

ANALYSIS OF EHISSION CONTROL 

PMTSSLON C O m L  WST KPFECTIYENESS ESTIMT3S 

In Seetien 4 of t h i s  report, the cootrol techaiquer which d g b t  be 
app1i.d to the trrk o f  reducing the d e s S o a 8  from robeat- cement uaate 
d w i n g  oper8tioar are diacummrd. 
Of thmse tcchnfquoa are eatbated from tha estimate a€ the  cost of appltcation 
of c u h  technique a d  from the eutiaated reduction in the emiseioao brought 
about by that technique. 

tbatfcaf typical plant haa been developed as a d e l .  
the Johns-Hanville p l a n t  at Draison, Texas, am discussed in Section 3. 

and yet 8uch euthtem m a t  be developed fa order to provide P l og ica l  basis 
for the application o f  control8 i n  the field t e s t i n g  program. The emission 
race8 aatinmted i8 t h i s  etudy were found to be quite tereOmab1a a d  realistic 
vhen coarpared to tho6e obtained ouboequently i n  the field study. They have 
been laft unchanged In this section i n  order t o  preseut the methodology of 
coatrol technology oolectiad baoed oa envtrorroacnral engineering judgement and 
ortiPutioa trckaiquer . 

Xn thia sectiaa, the cost effactfveaeas 

order to c8tlailte tha coat and erPiasiou reduction factors, a hypo- 
The plant i 8  be8ed on 

Tbe estimation of fugit ive edssfons from a s i t e  l o  a difficult procedure 

MODEL PLANT DETAILS 

A drl pl-t vbkb manUf8ttUre8 88bc8too-cement piPC i8 c ~ ~ d d e r e d  to 
b located La an urban area in the southwestern part of the United States. 
#o effort i8 currently being uaed to mitigate the emisaionr from the uaate 
dumping optrationr. 

he.re are two types of  a8bt8ta8-containiag waote material originating i n  

kfrcr rube8tor pipe a d  rctap - 13.2 metrlc toma pet day 

the plant which arc taken to the damp: 

Fhr8 from the baghour. - 0.9 mettic t o m  per day 

The daily producrion of arbeetos eomant pipe  i s  about 200 metrfe tons. 
Production coattnuae far rix days p e r  week for 50 weeks per year. The 
conpouttion of thlr waate 1s approximately: 
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Asbeetor 

Z t  i a  awtlpob to have a denefty of  1,160 ksld (100 pounds/ft3). 

The d s s i o a s  Pros the dump area arc a8aumed t o  have the same 
rs the dumped waste (25X by weight of  asbustoo). It i s  further 
cfvarr nanogram of aobaetos reieaeee into the atmaphere 1,000 aobccltoa fibers 
a8 detetsliaed by electrota microecopy. 

Ebiseicaw from the dump are8 asp conuidrred to arfua frola four barrfc 
a w c e s :  

, %fly dumping of fhe waste out0 the a c t i v e  dump area 

Cnrdaing and leveling of the reject pipe by a bulldozer once a month 

Weatherfag of  the  act ive pile 

Yesthering of the inactive p i l e  

The active part of the drupp fs uhere waeta meterial i e  currently being 
IC i s  subject t o  disturbaace by vehicular traffic rad bulldorer dumped. 

activity, it baa an aeaumed area of 810 m2 (0.2 scree). 
Y M r ,  i t  i o  1 meter8 deep and a new active dulnp area w i l l  be atotted. 
southwestern area l o c a t l o a  meirna thaf the area will bQ dry (less than 1 m 
of raia annrully) and, thus, rhe emiasionn w i l l  be In a high category. 

At the mi of One 
The 

Emisoiollrr frau*.the Active hmrp Si te  

Based upon the  14.1 metric tons/doy of waete anterlal generatad. 
2,4W d / y u r  I r m a  be dibposed. The active dump 6ltc P t  this plant %8 
AC the  i d  o f  one year, the pile w i l l  be 3 m deep, at  which the a 
area vi11 be rtartcd. 

Tbfa plant in located in that part o f  the mouthvert which receive8 lese 
than 1 macer of rain annually. !thw, the surface ot  the m e t e  p i l o  i 8  
extrearcly dry m8t of the year and favors relatively high er4srlon ra tw.  
Io a study by PEOcoBa" particulate giaissioar from taillngr p i l e 8  vere 
dnrslopad for varZwa climatic conditiono. Eecowe of the  high moioture 
evepotation rate oad the large number o f  fine particlee contained i n  the 
aobestoe p i l e ,  the  hlgheet l i r ted miasion rate vas used for chis wmt4 <- 
mterkl, 3,583 metric tons/km2/yr, of which 2S%, or 0.7 metric tons/yrB 
Wuld be asbartoa. Thud, the ayeraga emission rate from the activa pile 
Would be: 
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0.09 lcg per IWU~ 4- 
9 ar 90 x 10 nanogrm per hour 

or 90 r IO'* nmogrPar per hour* 

ppi.8ioas. frw the Crushhg o f  Rejected Pipe 

tonddav 8 t  thio ~ l a n t .  
The uaete coarlet3ag o f  rejected pipes and scraps amouata of 1 

V i s i b l e  c ~ l b e i o n s  can be observed durina t k 

t r u a h b i  operatioh at t h e  dump, Ladfcating that thio operation &y be a 
OLgnlf icant  source of dselonr. 
material become8 aiftborne, of 32.5 kg/umath (1.3 kg/day of operation). 
p i p a  is cruohed for one day a apath. 
#tire paaz with 29% by ueigkt o f  thia d t t e d  material corrrridered to  be 
a8bcotoB9 f i d d i a g  the fotlovfng: 

It vaa amemed that 0.01% of the rejected 
The 

The emiasion race im overaged over the 

,2 metzic 

0.009 kg per hour 
9 or 9 x 10 

or 9 x 10" abeatoo fibtrr per hour* 

aanogrerne per hour 

l!inisrioaa from the Inactive Pire 

The coiS8ions ftoa the inactive p t l e  ate o function of t h a  sire of the 
p i l e  a d  the rate of emiesions comtng off the p i l e .  
the d e s i o n  rate from ad asbestos p i l e  asymptotically approaches l/S the 
d 8 8 i o n  rate o f  the nctive p i  e, thucr, the aairsioa rata is  aseumed go 
rapfdly approach 22.2 kg/hr/lrm and remains constant at 22.2 kg/hr/km once 
an asbestos p i l e  becomes inactive. 

a d  the greater the emissions from t h i s  ~ O U ~ C I .  In the model plant, the 
inactive p i l e  contain8 five years d vaete Prttrbl, Rovtver, in another 
€ h e  years, the e!misalon8 from the Inactive p l l s  w i l l  double. Thus. the 
iaactive p l l e  must be prevented ftar beconing the ptlmary  epirrioa aoufce. 

If the oaiomiorrs from the iaactive pila are uncontrolled, the annual 
misafos rate facraaae, proportiom1 to th0 fncrrare in p i l e  area, vfll be: 

It hag be- assumed that 

t 

Tks older the asbestos  f s c U i t y  lo ,  the larger the iaactive p i l e  heComeS 

. 

6.018 kg per hour 
9 or 18 x 10 nruogrmo per hour 

or la x d2 arbi8to8 fibers per h o d  

A comnrston factor o€ 1,000 fibere per 1 ng +tam used; tbi8 
W l t h  fh. literature and also vfrh the r.wlt8 obtainad f tolr  elrCt?Oa 
sicrorcope data obtained during this atudy. nee page 86. 

i.8 agrcawnt 

24 

r 



, MRR-03-1993 11:15 FROM GRfiDIENT CORPORRTION TO 1-3034425180 P .08 

Th tow1 emirmion8 frm the damp fa the a m  of the emimuiona from the 
fwg prinury sources. 
uvsrrl age8 10 rrhown i n  Table 4.  
can be 8een to depend upon the nmber of years of accumulated waste. A three 
fold iscraasc fn emieeiana occurs as the waste acctnnulater over a period of 
twenty years. Thus, although the annual increment in the miasion rate from 
the iliactive pile night be considered negligible ,  the long tam effects are 
cumulative aad can becrnne the dominaut source of emissions. 

The total emlamions for a6 uncoatrolled dump at  
The emissions from the inactive p i l e  

TABLE 4. EMXSSlON RATES OF u#CONTROLLED INACTIVE 

PILE AT SEVERAL AGZS 
-c_- 

Emission Rates. kdht 
Bnaiaslon Sources 1Y-f 10 yrm 20 yrs 

Active Dump Site 0.090 0.090 C.090 

Crushing of Reject Pipe 0.009 0.009 0.009 

Dumping of Pines 0.034 0.031 0.034 

0.018 0.180 0.360 
TOTAL EMISSION RATE 0.1SL 0.313 0.493 

- - -  - Inactive Pile 

Annual A v e r a e o u n d  Level Airborne Asbestos Concentration 

AT1 asbestos emirsionr originated from a single ground 1ave1 pobt 
source, with ad average wind'crpeed of 2 drcc. 

kr average stab i l i ty  claw of l'C", BB described by Tumer, was aasmed. 

Pot the purpooar of thir ' 

rtudy, we vi11 asaume that the people doweuind of the p l a n t  wit1 be 
the only ones affected by t h e  aebestos emisaiona. 

A prevailing vind directioa is aistnned. 

TOTAL P.08 


